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Compilation Databases

• There are three major and two minor compilation databases at NNDC: NSR, EXFOR, XUNDL and 
B(E2)↑, bb-decay.

• In this presentation, we will concentrate on NSR and EXFOR databases:
• Nuclear Science References (NSR): all low- and intermediate-energy references for a broad use, not just nuclear 

structure and decay as before 90ies. 
• Experimental Nuclear Reaction Data (EXFOR): all low- and intermediate-energy  reaction data sets for neutron-, 

charged- and photo-induced reactions, not just neutron-induced as before 80ies.

• The compilation scope and quality controls for NSR and EXFOR database have evolved over the many 
years of operation. These facts plus lack of advanced computer tools in the past are responsible for 
missing references and data sets.



Database Operations During COVID-19

• In early summer of 2020 we observed drop in publication 
rates.

• NSR team covered new articles and included many 
previously missed publications, including fission yields 
references from England & Rider evaluation, and Mills 
Ph.D. thesis.

• More than 500 references were compiled, and PDF files 
were collected.

• EXFOR project was affected by publishing issues.
• Large number of previously missed FY experiments were 

compiled into EXFOR database.
• Missing References/Experiments: To Boldly Go Where No 

Man Has Gone Before.



NSR Compilations

• Nuclear Science References compilation creates a foundation for nuclear structure, decay and reaction 
data efforts and impacts research activities.

• FY 2020 NSR team: 1.5 NNDC (B. Pritychenko, J. Totans), 2 contractors (B. Singh, E. Betak), 1 Berkeley 
collaborator (J. Batchelder)  and 1 IAEA collaborator (V. Zerkin).

• Our goal is provide the coverage for current publications; we are also proactively recovering previously 
missed references.

• One of our major requirement is speed, prompt creation of entries and quality keywords for ENSDF:   
NSR is always up-to-date (it is updated 2-3 times a week).

• NSR Quality Assurance: Manager + Users + Evaluators + Compilers inputs. We do not have a bug 
database, we just fix bugs immediately.

• Direct communication with Phys. Rev. C: ~10% of authors submit keywords to NSR.



FY 2020 NSR Statistics

• NSR References:
• 3,102 new article entries (compare 3,337 in FY 2019). 
• 179 modified (corrected) article entries.
• 1,801 keyworded article abstracts (September 30, 2020) => 

1,970 (November 25, 2020), takes time to prepare the keywords.
• NSR Dictionaries updates:

• 2,087 new authors (compare to 1,000 in FY 2019).
• 17 new journals (compare to 12 in FY2019).
• 112 new reactions (compare to 160 in FY 2019).
• 191 new nuclides (compare 689 in FY 2019).
• 11 new decays (compare 16 in FY 2019).

• NSR Database updates: 148 times (compare with 129 in FY 2019).
• NSR Web retrievals: 208,498, or 136 references/retrieval.
• Total number of retrieved references was 28,501,548.



Original NSR

• NSR was started around 1960 at the ORNL.
• Katherine Way recognized the importance of 

keywords and convinced several journals to include 
them.

• Early NSR entry consisted of authors, journal and 
simple nuclear structure keywords; title was often 
missing.

• References were stored at the ORNL library for 
ENSDF evaluations.

• Original NSR keynumbers had a 2K bug issue, 
they were upgraded to the present state by 2000.



NSR at BNL

• In 1980 NSR operation was transferred from Oak 
Ridge to Brookhaven.

• Titles became mandatory and keywords more 
sophisticated.

• Digital Object Identifiers (doi) were introduced in 
2000 and implemented in NSR.

• In subsequent years the database was integrated 
with XUNDL/ENSDF.

• By 2011 it was integrated with EXFOR.
• However, evaluators worldwide were still spending 

plenty of time for references location because not 
everyone had access to good library resources.



NSR-EXFOR Library on Web

• Collaborative effort with the NDS, IAEA.
• ~75-78.8% bibliography coverage using 

EXFOR/NSR PDF library.
• User login to PDF files for structure and reaction 

evaluators: www.nndc.bnl.gov/nsr/login.htm.
• Default access at the BNL and IAEA campuses.
• NSR citations: PlumX Metrics.
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Unique Data References

• NNDC collects and processes rare nuclear 
physics publications.

• We collected unique references from the Oak 
Ridge National Laboratory (ORNL) library 
and many other sources.

• NNDC acquired a new scanner and mirofiche
reader.

• NNDC librarian (J. Totans) is leading this 
effort.



EXFOR Effort in the U.S. and Canada

• Nuclear Reaction Data Centers (NRDC) oversee EXFOR compilations worldwide, NNDC is 
responsible for the Area #1 (USA & Canada).

• NNDC EXFOR Team: B. Pritychenko, S. Hlavac, O. Schwerer, O. Gritzay, and V. Zerkin (IAEA).
• NNDC: Overall database and contracts management, website support, compilation and 

correction of missing and older references.
• Bratislava: Mainly new references compilation.
• Kyiv: Fission yields compilation.
• Vienna: Overall quality assurance and transmission handling.
• IAEA: Web and database software development.

• Smooth operation based on efforts of BNL stuff, contractors and collaborators.
• Contractors (S. Hlavac, O. Gritzay and O. Schwerer) are essential for the overall success of the 

NNDC EXFOR effort.



Area #1 EXFOR Statistics

• New entries: 86 + 128 (BNL) = 214.
• Corrected entries: 208 + 18 (BNL) = 226.
• Lack of new publications, during the COVID-19 times, was compensated by proactive recovery of the 

previously missed entries.
• EXFOR database was updated on a regular basis.
• EXFOR Web retrievals in FY2020: 38,459.
• More compilation details in the IAEA system are based on calendar years: http://www-nds.iaea.org/exfor-

master/x4compil/.
• Fission yields compilation project based on Nuclear Science References (NSR) database, England & 

Rider and Mills references is underway.

http://www-nds.iaea.org/exfor-master/x4compil/


Fission Yields Compilations

• NSR FY are finished in FY2020: three NRDC 
memos on NSR database analysis: CP-C/464 
(Spontaneous fission), CP-C/465 (photo fission), 
and CR-C/466 (Neutron-induced fission).

• England & Rider/ Mills FY (IAEA analysis) are in 
progress.

• Charged Particle Induced FY are finished in FY 
2020.

• Results were reported at ND 2019, FPY Workshop 
in Santa Fe, NM.

• We joined FY CRP and SG 50 to ensure the high 
quality of FY in databases.

• This work was sponsored by the Office of NP, Office of Science of the U.S. 
DOE, under Contract No. DE-AC02-98CH10886, and supported by the Office 
of Defense Nuclear Nonproliferation Research & Development (DNN R&D), 
National Nuclear Security Administration, U.S. DOE.



Nuclear Reaction Data 
Compilations in USA & 
Worldwide
• Experimental neutron reaction data compilations have been pioneered at the 

Metallurgical Laboratory, University of Chicago and Los Alamos National 
Laboratory in 1945-1947. 

• Brookhaven National Laboratory hired many Manhattan Project alumni when 
it was founded in 1947, and the lab got involved in nuclear data.

• Donald J. Hughes (1915-1960) was behind the BNL-170 (1952); it is a 
precursor of BNL-325 (Atlas of Neutron Resonances).

• Second UN International Conference on Peaceful Uses of Atomic Energy, 
Geneva, 1958.

• SCISRS (Sigma Center Information and Retrieval System) at BNL (1964) 
was a precursor of EXFOR.

• Other data centers were created in Paris, France (NEA-Databank),  Vienna, 
Austria (NDS-IAEA), and  Obninsk, USSR (IPPE) in 1963-1964.

• Around 1970 four neutron data centers agreed on the data interchange 
format (EXFOR). The four centers could store data locally in its formats.  The 
Nuclear Data Centres Reaction (NRDC) network was later formed under the 
auspices of the IAEA.
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75 Years of Nuclear Reaction Data 
Compilations

• Compilations started during the Manhattan project 
(U. Chicago, Los Alamos National Laboratory).

• In 1947 camp Upton was transformed from the 
U.S. military base to Brookhaven National 
Laboratory, and compilations were pioneered by 
Goldsmith and Hughes at Brookhaven.

• International cooperation in data compilation.
• In 2021-2022 we will celebrate the 75th anniversary 

of nuclear reaction data compilations.


